In metazoans, positioning of the mitotic spindle is controlled by the microtubule-dependent motor protein dynein, which associates with the cell cortex. Using optogenetic tools, two new studies examine how the levels and activity of dynein are regulated at the cortex to ensure proper positioning of the mitotic spindle.
The accurate positioning of the mitotic spindle is critical in determining the exact placement of the cytokinetic furrow, which in turn ensures the correct size of the resulting daughter cells and the appropriate distribution of cellular fate determinants to these cells during development. How is spindle positioning regulated in animal cells? Much of what we currently know is primarily based on a great deal of analysis of the first mitotic phase at the one-cell stage of the nematode Caenorhabditis elegans. By utilizing UV-laser-based spindle-severing experiments during early anaphase in the one-cell C. elegans embryo, it was demonstrated that the centrosomesthe structure that acts as the major microtubule-nucleating organelle in animal cells -are subjected to differential pulling forces such that the greater net force acts on the posterior centrosome [1] . This causes displacement of the mitotic spindle towards the posterior side of the embryo, which eventually results in the unequal division of the embryo. Optical ablation of centrosomes further revealed that the origin of such pulling forces is the cell cortex [2] .
Subsequent work in a number of model systems, including mammalian cells, demonstrated that the generation of pulling forces is dependent on an evolutionarily conserved, cortically anchored ternary complex comprising a heterotrimeric G protein alpha subunit, a TPR/GoLoco-domain protein, and a large coiled-coil protein: these complexes are Ga-GPR-1/2-LIN-5 in C. elegans, Ga-Pins-Mud in Drosophila and Ga-LGNNuMA in humans [3] [4] [5] [6] . The ternary complex was shown to be responsible for anchoring the minus-end-directed microtubule-associated motor dynein at the cell cortex [7] . The motor activity of dynein on the astral microtubules is postulated to be responsible for cortical force generation and thus for the alignment of the mitotic spindle in the threedimensional volume of a cell ( Figure 1A,D) . However, whether the components of the ternary complex merely function as an anchor for cortical dynein or whether they also play an active role in generating pulling forces had not been temporally dissected during mitosis.
By manipulating the localization of the ternary complex components and dynein using optogenetics in C. elegans and human cells, two new studies [8, 9] now reveal that Ga-GPR-1/2 and Ga-LGN are merely required to anchor cortical LIN-5-dynein and NuMA-dynein, respectively, at the cell cortex for proper spindle positioning. Fielmich et al. [8] relied on the light-induced ePDZ-LOV-based heterodimerization system [10, 11] to localize the ternary complex components and dynein to the cell cortex following exposure of the one-cell C. elegans embryo to the blue light. To achieve this, a membrane-targeted sequence (PH domain) was fused with the LOV domain, and the ePDZ sequence was fused with mCherry and with the protein of interest that was to be targeted to the membrane. Expression of both constructs allowed the mCherry signal to remain in the cytosol until the one-cell embryo was exposed to the blue light. Initially, the authors tested whether membrane targeting of GPR-1 would be sufficient for the generation of pulling forces in embryos lacking GPR-2 and Ga; interestingly, light-induced cortical targeting of GPR-1 in mitosis was sufficient for generating pulling forces.
Subsequently, the authors decided to target LIN-5 to the cell cortex and found that, similar to GPR-1, cortical targeting of LIN-5 during mitosis led to the generation of pulling forces, even in the absence of GPR-1/2 or Ga ( Figure 1C,E) .
Similarly, by using the light-controlled Mem-iLID and gene-of-interest-Nano heterodimerization system [12] , Okumura et al. [9] targeted NuMA to the cortex of human cells in the absence of the upstream components Ga or LGN. In agreement with Fielmich et al. [8] , lightcontrolled NuMA targeting to a local cortical region was sufficient for dynein accumulation during metaphase, and this led to spindle displacement towards a region having excess cortical NuMAdynein ( Figure 1D,F) . Although only a small area of the cell cortex was illuminated to target NuMA-RFP-Nano, the RFP signal spread rapidly to the neighbouring cortical region, suggesting the fast mobility of the sensor at the cell membrane.
Next, both groups decided to establish whether direct targeting of dynein to the membrane was sufficient, by fusing dynein heavy chain (DHC) with either ePDZ or Nano. Fielmich et al. [8] found that direct targeting of DHC-1 in the C. elegans one-cell embryo weakly, but not significantly, increased the spindle pole movements. In agreement with Fielmich et al. [8] , Okumura et al. [9] revealed that light-induced DHC recruitment to the cell cortex is not sufficient for spindle displacement in human cells. However, it appears that the dynein-dynactin cortical recruitment dynamics in human cells are a bit slower when dynein instead of NuMA is directly targeted to the cell cortex [9] . Nonetheless, both of these reports suggest that dynein activation at the plus-end of the astral microtubules requires LIN-5-NuMA as an adaptor protein and dynein alone at the cortex is not sufficient for efficient pulling force generation.
Previously, using an elegant in vitro based approach, it was shown that yeast dynein anchored artificially to a microfabricated surface is adequate to capture microtubules, regulate microtubule dynamics and generate pulling forces of up to several pN [13] . This discrepancy between in vivo [8, 9] and in vitro [13] data could be due to several factors: dynein targeted to the membrane in cells could lack some specific component that is needed for its activity in vivo; in cells dynein might require interactions with the coiled-coil domain containing adaptors that help to form a stable dynein-dynactin complex [14, 15] , with cortical LIN-5 and NuMA having this function in the context of spindle positioning; or large coiled-coil proteins, such as LIN-5 and NuMA, might keep the dynein complex at the outermost edge of the thick actin cytoskeleton (190 nm for HeLa cells [16] ) for efficient microtubule capture. It would be interesting to know whether any or all of these possibilities make LIN-5 and NuMA ideal adaptors for robust cortical pulling force generation via dynein.
Further, by exploiting their sophisticated tool, Okumura et al. [9] attempted to dissect the region of NuMA that is sufficient for dynein recruitment. In agreement with previous reports [17] , they found that the region encompassing amino acids 1-705 at the amino terminus of NuMA (NuMA ) is able to recruit dynein to the cell cortex, but light-induced targeting of NuMA to the cell membrane during mitosis was not sufficient for spindle displacement. Thus, the authors concluded that other domains of NuMA are also essential for robust mitotic spindle displacement. Prompted by this, Okumura et al. [9] found that a conserved Spindly-like domain at the amino terminus of NuMA, a microtubulebinding region and a central coiled-coil region are all required for robust spindle displacement during mitosis. Constitutive membrane targeting of NuMA 1-705 using a CAAX motif had previously been shown to be sufficient for displacing the spindle during mitosis [17] . It would therefore be interesting to determine the differences in the effects of constitutive targeting of NuMA 1-705 compared with temporally regulated localization of NuMA during mitosis using the acute lightcontrolled system.
In the one-cell C. elegans embryo, taxolmediated stabilization of microtubules significantly decreases pulling forces and perturbs spindle positioning [18] . To characterize whether dynamic microtubules are also critical for spindle displacement in human cells upon lightinduced cortical targeting of NuMAdynein, Okumura et al. [9] inhibited microtubule dynamics using taxol. Surprisingly, in contrast to the results obtained in C. elegans, taxol-stabilized microtubules were efficiently pulled by cortical NuMA-dynein complexes in In wild-type C. elegans embryos and human cells, the ternary complex Ga-GPR-1/2-LIN-5 or Ga-LGN-NuMA, respectively, is anchored at the cell cortex below the plasma membrane and recruits the dynein complex to generate pulling forces for the proper alignment of the mitotic spindle. (C-F) In the light-controlled targeting system utilized in the new studies [8, 9] , the absence of blue light means that (C) ePDZ-LIN-5 or (D) Nano-NuMA accumulate in the cytosol; however, exposure to blue light allows for targeted localization of (E) LIN-5 or (F) NuMA, which can cause displacement of the mitotic spindle even in the absence of endogenous GPR-1/2 or LGN, respectively.
human cells. As reported by Okumura et al. [9] light-induced cortical NuMA accumulation is approximately three times greater than that of endogenous NuMA, and it is therefore possible that the excess dynein brought by NuMA in such a setting can efficiently pull taxol-stabilized microtubules. Whether endogenous NuMA still requires the dynamic behaviour of the astral microtubules for proper spindle positioning remains to be resolved. Taken together, these new insights gained from the light-controlled cortical targeting of the ternary complex components and dynein provide evidence that LIN-5 and NuMA act as a multitasking component of the spindle positioning pathway that not only anchors dynein but also is essential for dynein activity. It will be critical to unravel the structural details of the interaction of NuMA with the dynein complex to uncover how such a unique association allows for efficient pulling force generation at the cell cortex. Though both of these studies indicate that Ga-GPR-1/2 and Ga-LGN merely act as a cortical anchor for LIN-5-dynein and NuMA-dynein, respectively, how their localization is tightly controlled to execute proper spindle positioning during mitosis will be worth exploring. Also, it would be of tremendous interest to alter the positioning of the spindle in a timely manner in the one-cell embryo and analyze the effects on the distribution of cell fate determinants and on subsequent embryonic divisions and development.
A new study in fruit flies identifies a molecule, Eaat2, that regulates both sleep and metabolic rate. Surprisingly, Eaat2 acts in a specific glial subtype to modulate both processes, suggesting a cellular link in the brain between sleep and metabolism.
While sleep is important for numerous physiological functions, the link between sleep and metabolism is particularly noteworthy given ongoing epidemics of both obesity and chronic insufficient sleep. Sleep dysregulation is clearly associated with obesity, insulin resistance, and type 2 diabetes [1] , and metabolic changes conversely can
